Despite strong physical reasons that they should exist and decades of search, jets from the Galactic Center Black Hole, Sgr A*, have not yet been convincingly detected. Based on high-resolution Very Large Array images and ultradeep imaging-spectroscopic data produced by the Chandra X-ray Observatory, we report new evidence for the existence of a parsec-scale jet from Sgr A*, by associating a linear feature G359.944-0.052, previously identified in X-ray images of the Galactic Center, with a radio shock front on the Eastern Arm of the Sgr A West HII region. We show that the shock front can be explained in terms of the impact of a jet having a sharp momentum peak along the Galaxy's rotation axis, whereas G359.944-0.052, a quasi-steady feature with a power-law spectrum, can be understood as synchrotron radiation from shock-induced ultrarelativistic electrons cooling in a finite post-shock region downstream along the jet path.
Introduction
Highly collimated, magnetized outflows of relativistic particles (i.e., jets) emanating from galactic nuclei are generally thought to be powered by the "central engine", i.e., accretion onto a super-massive black hole (SMBH). Studies of jet-related phenomena hold promise for advancing our knowledge on not only the physics of accretion, but also In all the above cases, the indication for a collimated outflow from Sgr A* is essentially morphological, that is, a causal relation with the SMBH is argued on the basis of positional coincidence, albeit in some of these cases massive young stars in the GC might equally be considered as the cause (e.g., Muzić et al. 2007; Carretti et al. 2013) . When put together, the orientations of these candidates tend to contradict rather than corroborate each other for a coherent jet/outflow 1 . Moreover, neither direct measurement of the kinematics nor tight constraint on the energetics of any of these candidates is currently available, making it difficult to confront them with the expected jet kinematics and jet power. Thus, none of the suggested cases has yet been widely accepted as convincing imaging of the long-sought jet from Sgr A*, and they all invite further examination.
Motivated by recent multi-wavelength, high-resolution observations of the GC, in particular those obtained by the Very Large Array (VLA; § 2), here we revisit one of the jet 1 We point out a few correspondences that could link the various suggestions: Candidates
(ii) and (vi) -a visual examination (e.g., see Fig. 2 in Carretti et al. 2013) shows that the Galactic Center Spur (Sofue et al. 1989 ) and the northern segment of the gamma-ray "jet" (Su & Finkbeiner 2012) are largely spatially coincident. Their curved morphologies are not obviously consistent with a collimated jet, and both features have been interpreted as part of a biconical outflow driven by recent star-forming activities in the GC (Carretti et al. 2013 );
Candidates (iv) and (vii) -their orientations are broadly consistent with each other, i.e., roughly along the Galactic plane. Its remains plausible that they trace the same outflow produced either by Sgr A* or the central star cluster (Wardle & Yusef-Zadeh 1992; Muzić et al. 2007) ; Candidates (i) and (v) -these are co-aligned, but are present on quite different scales, as discussed below in § 4; Candidate (iii) has a similar position angle as candidate (v) , but "the fact that it is bent and not pointing directly towards SgrA* may question" it being a jet (Eckart et al. 2006) .
candidates, the linear X-ray feature G359.944-0.052, and provide synthesis evidence that it is indeed associated with a parsec-scale jet from Sgr A* interacting with the local gas ( § 3).
We conclude our study with several interesting implications of the jet properties ( § 4).
Data preparation
We collect VLA 1.3 cm and 3.6 cm images of the GC, originally presented by Zhao et al. (2009) in their study of the dynamics and geometry of the well-known Sgr A West HII region (cf. Morris & Serabyn 1996) . In particular, the 1.3 cm image offers one of the highest available angular resolutions (full width at half maximum ≈ 0. ′′ 2×0. ′′ 1) and thus promises to reveal interesting substructures of the ionized gas in Sgr A West.
We utilize Chandra X-ray observations of the GC taken between September 1999
and March 2011, which have accumulated a total exposure of 1.46 Ms and provide an unprecedented temporal baseline nearly doubling that achieved in Muno et al. (2008) .
In all these observations, the aim-point was placed on the I3-chip of the Advanced CCD Imaging Spectrometer (ACIS) and was within 30 ′′ of Sgr A * , ensuring an optimal angular resolution of 0. ′′ 4. We have downloaded from the public archive the corresponding data and uniformly reprocessed them following the standard procedure, using CIAO v4.4 and the corresponding calibration files 2 . The relative astrometry among individual observations is calibrated by matching centroids of point-like sources detected within the common field-of-view. We restrict our analysis to the 2-8 keV energy range, with the lower and higher limits set by the heavy foreground absorption and the instrument sensitivity, respectively. 3. The multi-wavelength imprint of a parsec-scale jet Fig. 1 shows the inner 2 pc×2 pc region of the GC at radio and X-ray wavelengths.
Throughout this work a distance of 8 kpc is adopted for the GC (1 ′′ corresponds to ∼0.04 pc; Ghez et al. 2008; Gillessen et al. 2009 ). While the X-ray image (Fig. 1b ) exhibits a mixture of point-like sources and diffuse features (Baganoff et al. 2003) , including the linear feature G359.944-0.052, most prominent in the radio image ( Fig. 1a) is Sgr A West, with its well-known three-armed morphology. Here we focus on a narrow ( 0. ′′ 3) feature lying across the short-axis of the Eastern Arm, which consists of two joined arc segments together forming a " "-shape (see Fig. 2a for a close-up view). The upper (northern) arc is the sharper and more extended of the two, with its upper end bending along the edge of the Eastern Arm, whereas the lower (southern) arc appears less smooth and brighter at its lower half. We note that this feature is also evident on various other tracers of Sgr A West, e.g., 3.6 cm continuum (shown as contours in Fig. 1a ), H92α emission (Roberts & Goss 1993) , [Ne II]λ12.8 µm emission (Irons et al. 2012) , and Paschen-α emission (Scoville et al. 2003; Wang et al. 2010) . Best resolved by the VLA 1.3 cm image, this remarkable feature, which is unique within Sgr A West in shape and sharpness, strongly suggests the presence of a shock front.
To examine this possibility, we construct from the TEXES data [Ne II] flux densityradial velocity diagrams for the "front" and its immediate vicinity along the Eastern Arm (see the inset of Fig. 2a ). As shown in Fig. 3 , these diagrams reveal a significant depression in the [Ne II] emission at velocities between 160 and 190 km s −1 , and hence a relative paucity of gas, on the immediate western side of the front, as compared to that on the eastern side (see also the radio continuum image in Fig. 2a ). This depression is mostly due to missing velocity components (above ∼160 km s −1 ) that are present both in the front and on its eastern side. Regarding the streaming motion of the Eastern Arm, such that gas flows in from the east (e.g., Zhao et al. 2009 ), the strong velocity discontinuity and the associated gas depletion to the west of the front can be naturally attributed to the impact of an external source of momentum arriving from the west at a supersonic velocity, i.e., a shock. Hereafter we shall refer to this remarkable feature of ionized gas as the "shock front" 3 .
Strikingly, a spatial relation appears to exist among Sgr A*, the shock front and G359.944-0.052, in the sense that an imaginary line connecting Sgr A* and the apex of the " "-shape (at an offset of [∆α, ∆δ] ≈ [12.
′′ 8, -7.
′′ 7] from Sgr A*) naturally passes through the long-axis of the X-ray feature 4 (Fig. 2a) . We suggest that such a well-constrained geometry is not a mere coincidence. Rather, this is precisely what would be expected from the shock interaction of a jet from Sgr A* with the inflowing gas in the Eastern Arm and, as a direct consequence, X-rays arising from the post-shock region downstream along the jet path.
We investigate this hypothesis by examining the X-ray properties of G359.944-0.052
with the Chandra/ACIS data. As shown in Figs. 1b and 2b, the linear feature G359.944-0.052 clearly stands out from the surrounding diffuse emission, and conspicuously points to the position of Sgr A* along an orientation coincident with the Galaxy's rotation axis.
We extract an intensity profile for G359.944-0.052 along its long-axis, i.e., the hypothetical jet path (at a position angle of 124.
• 5±1.
• 5, east of north; Fig. 2a ), averaged over a full width of 1. ′′ 5 in the perpendicular direction. We have verified that the feature is unresolved along its short-axis, by comparing it with nearby point-like sources. A local background is adopted from adjacent regions running parallel to G359.944-0.052. As shown in Fig. 4a , the linear feature becomes prominent at a distance of ∼3. ′′ 5 from the apex of the shock front and gradually fades off by a distance of ∼11 ′′ (∼25 ′′ from Sgr A*). An unresolved knot is also apparent at a distance of ∼5 ′′ , although we cannot rule out the possibility of a superposition of an unrelated source belonging to one of the least luminous classes of X-ray sources found in the GC (Muno et al. 2003) . We note that X-ray emission can in principle be present from further upstream along the jet path, in particular starting at the shock front, but the relatively strong and non-uniform diffuse emission there causes unavoidable confusion. Hence we conservatively adopt a 7. ′′ 5×1. ′′ 5 rectangular region 5 to define G359.944-0.052 (Fig. 2a) , and find ∼458 net counts out of a total (source plus background) of 1058 counts, giving a ∼14 σ significance to G359.944-0.052. We further probe temporal variation of the intensity profile by dividing the total dataset into two epochs of comparable exposure: one consisting of observations taken before 2005 and the other since 2005. No statistically significant variation is found (Fig. 4a) , indicating that G359.944-0.052 has remained a quasi-steady feature on a 10-yr timescale. On the other hand, the hardness ratio distribution along the feature (Fig. 4b ) reveals a spectral softening beyond a distance of ∼8 ′′ from the shock front, which is not due to any gradient in the foreground absorption , but is rather consistent with progressive radiative cooling of the emitting particles in the hypothetical jet.
We have also extracted the spectrum of G359.944-0.052, averaging it over all observations. A background spectrum is extracted, again from regions immediately adjacent to the feature. The spectrum appears featureless ( Fig. 4c ) and hence we fit it with an absorbed power-law model, taking into account the effect of spectral hardening by foreground dust scattering with an E −2 dependence (Predehl & Schmitt 1995) . The fitted parameters are the foreground absorption column density (Morrison & McCammon 1983) ,
+5.2 −3.9 × 10 22 cm −2 and the photon-index, Γ = 1.77
−0.76 (at 1 σ confidence level). The best-fit model predicts an intrinsic 2-10 keV luminosity of 2.4 × 10 32 erg s −1 . We have also fitted the spectrum with a thermal plasma model (APEC in XSPEC), but found an unphysically high temperature 10 keV.
The X-ray spectrum of G359.944-0.052 suggests a non-thermal origin (e.g., produced
by synchrotron or inverse Compton radiation), as commonly encountered in extragalactic jets (e.g., Harris & Krawczynski 2002) . To further test this possibility, we have created a simple one-zone steady-state model in which synchrotron radiation of relativistic electrons with a canonical power-law energy distribution accounts for the X-rays. With reasonable input parameters such as the magnetic field strength (B = 1 mG), a maximum Lorentz factor (γ max = 10 8 ), the bulk velocity of the jet (0.9 c) and a viewing angle of 90
• (see below), we find that the model 6 (especially the p = 2.5 case, where p is the power-law slope of the electron energy distribution, N(γ) ∝ γ −p ) can reproduce the slope of the X-ray spectrum and in the meantime be consistent with the current non-detection of radio counterparts for G359.944-0.052 (Fig. 5a) . Furthermore, the model indicates a synchrotron cooling timescale of 1.2(B/1 mG) −1.5 (E/5 keV) −0.5 yr, which agrees well with the apparent length of the X-ray feature (∼0.4 pc if measured from the shock front).
We further examine models involving inverse Compton (IC) radiation, adopting similar magnetic field strength (B = 1 mG), bulk velocity of the jet (0.9 c), and power-law slope (p = 2.5) as in the favored synchrotron model, but also a maximum Lorentz factor of 2 × 10 4 . We assume that the seed photons are contributed externally and predominantly by reprocessed dust emission from within the GC, with an energy density of ∼3 × 10 −8 erg cm −3 at a peak frequency of 6 × 10 12 Hz (Davidson et al. 1992) . We find that the predicted synchrotron radiation, which would inevitably accompany the IC radiation, substantially violates the current upper limits at radio frequencies (Fig. 5b ). To reconcile this discrepancy would require a magnetic field strength, <0.05 mG, substantially lower than current estimates for the GC (e.g., Crocker et al. 2010) . Furthermore, the IC cooling timescale is estimated to be ∼5 × 10 5 yr, which is inconsistent with the apparent length of G359.944-0.052 for any reasonable jet velocity. We have also examined models involving synchrotron self-Compton and reached similar conclusions.
Discussion and summary
The above analysis lends support to our understanding of the striking spatial relationship among Sgr A*, the shock front and the linear X-ray feature G359.944-0.052: a jet emanating from Sgr A* collides with and drives a shock front into the Eastern Arm, resulting in enhanced thermal emission in the radio and infrared bands. The shock also accelerates a population of ultrarelativistic electrons that are responsible for the observed X-ray emission, most likely synchrotron, as these electrons stream down the jet path.
Before further addressing the physical properties of this jet, some remarks on the possible alternative nature of G359.944-0.052 are warranted. We note that the morphology of G359.944-0.052 makes it uniquely distinct from the PWN candidates and other extended X-ray features in the GC. As shown in Muno et al. (2008) and confirmed by our deeper Chandra image, the PWN candidates, albeit in general characterized by an elongated morphology, are all resolved in both dimensions and almost always exhibit a bent or curved morphology, which, in the PWN scenario, can arise from the bowshock-tail structure further subject to perturbation by the ambient medium (e.g, Wang, Lu & Lang 2002; Lu, Wang & Lang 2003) . In contrast, G359.944-0.052 is unresolved along its short-axis and appears straight and highly uniform along its long-axis. No obvious "head" can be identified for G359.944-0.052, which would be expected from a wind termination shock around a putative pulsar (Gaensler & Slane 2006) ; the apparent "knot" near the middle of G359.944-0.052, if not an interloper, accounts for only 10% of the total flux, and that it appears softer than its vicinity (Fig. 4b ) also argues against it being the site of the termination shock. To our knowledge, only two pulsars, PSR J0357+3205 (De Luca et al. 2011) and PSR B2224+65 (the Guitar nebula; Johnson & Wang 2010) , are seen to exhibit a parsec-long, needle-shaped X-ray tail, the nature of which remains to be understood. In both cases, the X-ray flux of the pulsar itself amounts to 15%-30%
of that of the tail, which is typical of PWN systems (∼25%; Kargaltsev & Pavlov 2008) but markedly different from G359.944-0.052. Moreover, numerical models suggest that a PWN can harbor a long and narrow tail only when it has a Mach number M = V p /c s ≫1 (Gaensler & Slane 2006) , where V p is the pulsar velocity and c s the sound speed of the ambient medium. As already pointed out by Muno et al. (2008) , it is not easily conceivable how a pulsar can achieve a high Mach number in the GC, which is thought to be filled with a hot gas at a temperature 1 keV and hence with c s 500 km s −1 (Baganoff et al. 2003) . A pulsar mimicking G359.944-0.052 might happen to run into a dense, cool cloud, but it would then require some fine-tuning to explain its needle shape, given the highly turbulent nature of the inner parsec of the GC. In fact, the only PWN candidate seen within the inner parsec, G359.95-0.04, shows a substantial short-axis-to-long-axis ratio (∼0.3), a prominent head and an appreciably curved tail (Wang, Lu & Gotthelf 2006) . Given the above considerations, we strongly disfavor the PWN scenario for G359.944-0.052. to Sgr A*) of G359.944-0.052 would require that the putative pulsar move toward, rather than away from, Sgr A*. Such a motion, however, would be contrary to the momentum responsible for the shock front (i.e., arriving from the west; § 3), or it would leave us with the conclusion that the putative pulsar is not related to the shock front, their remarkable alignment is a mere coincidence, and the cause of the shock front remains unidentified. Instead, as we have discussed above, the hypothesis of a jet from Sgr A* offers a natural explanation for a range of multi-wavelength phenomena. A number of interesting implications of the jet properties are in order.
Inferred jet properties
First, we surmise that the jet axis is aligned with the Galaxy's rotation axis (i.e.,
inclined by an angle of ∼90
• to the line-of-sight); it is unlikely that a randomly tilted jet would be projected as close to the Galaxy's rotation axis as observed. This is further Second, it is noteworthy that the putative parsec-scale jet shows no sign of being two-sided, a generic characteristic often presumed by jet models. The inferred ∼90
• inclination precludes the effect of Doppler boosting being important. In fact, it could have been impossible for us to infer the presence of the jet, had it not interacted with the local gas. In this regard, the jet must not have come in contact with the part of the Northern Arm that lies in projection closer to Sgr A* than the shock front on the Eastern Arm, otherwise we might have found an additional shock. This conclusion is also supported by the dynamically inferred geometry of the Northern Arm (Zhao et al. 2009 ). Similarly, a counter-jet could exist without leaving an appreciable imprint, at least within the inner parsec, since it would lie behind the Western Arc (Zhao et al. 2009 ), and further out, be hidden by the dense gas of the circumnuclear disk (Güsten et al. 1987) . Regardless of the existence of a counter-jet, the shape and extent of the shock front strongly suggest the presence of a secondary outflowing component of lower momentum, which might be understood as a sheath or a cocoon surrounding the jet (Begelman, Blandford & Rees 1984) , with an opening angle of ∼25 • (Fig. 2a) . This estimate should be treated with caution since it is limited by the apparent width of the Eastern Arm.
Next, we consider possible constraints on the jet/outflow energetics and its potential impact on the GC environment. A simple constraint comes from the input electron power in the above synchrotron models for G359.944-0.052, which spans a substantial range between 7 × 10 35 and 5 × 10 38 erg s −1 . Alternatively, assuming that the apparent gas depletion and velocity discontinuity in the immediate western side of the shock front ( § 3) are due to ram pressure imposed by the jet, we may equate the jet kinetic power to the rate of change in the mechanical energy of the gas flow passing the shock front,
Here M BH is the mass of Sgr A*, R the distance of the shock front from Sgr A*, θ the jet opening angle, and n f and v f are the density and Keplerian orbital velocity of the gas flow in the Eastern Arm, respectively (Zhao et al. 2009 ). For comparison, the total available accretion power (in terms of the rate of accreted rest mass energy) of Sgr A* is ∼10 41 erg s −1 near its Bondi radius (Cuadra et al. 2008 ) and drops by a factor of ∼100 near 10 Schwarzschild radii, because only a tiny fraction of the matter passing through the Bondi radius can sink to such a depth (e.g., , where the jet is generally thought to be launched; an even smaller fraction of the accreted matter goes into the jet, the kinetic power of which is ∼10 37 − 10 38 erg s −1 according to recent numerical simulations . On the other hand, the radiative luminosity of G359.944-0.052 predicted by our synchrotron model is only ∼3 × 10 34 erg s −1 , and from a dereddened Paschen-α luminosity of ∼2.3 × 10 30 erg s −1 from the shock front we estimate its total radiative cooling rate to be on the order of ∼10 33 erg s −1 . Thus the radiative dissipation accounts for only a tiny fraction of the estimated jet power. This is consistent with the sharp and straight appearance of G359.944-0.052, which indicates that the jet remains highly collimated after punching through the Eastern Arm. A better accounting of the jet energetics and kinematics can in principle be obtained by a self-consistent modeling of both the jet-Eastern Arm interaction and the broadband spectral energy distribution of Sgr A*, which is beyond the scope of this work. While it can be expected that the jet power will ultimately be consumed by the ISM beyond the inner parsec, the details of this process would largely depend on the external (thermal plus magnetic) pressure distribution, which is currently quite uncertain (e.g., Guo & Mathews 2012) . In any case, the above inferred jet power is small compared to the collective kinetic power supplied by the winds of the circumnuclear stars (∼10 39 erg s −1 ; Martins et al. 2007 ). This complicates the identification of possible interplay between the jet and the GC environment. For instance, the diffuse bipolar X-ray structure seen on a scale of ∼20 pc roughly along the Galaxy's rotation axis is more likely powered by the circumnuclear stars rather than by the current level of jet activity (Baganoff et al. 2003; Morris et al. 2003; Heard & Warwick 2013) .
The above discussion rests on the implicit assumption of a steady jet. The limited counting statistics and timespan of the X-ray data do not allow us to assess short-or long-term variations in the jet energetics. The former might be related to the observed flares from Sgr A*, which have been suggested to be generated by, among other possibilities, "episodic jets" that can release energy two orders of magnitude higher than in the quiescent state (Yuan et al. 2009 ). Even stronger activity of Sgr A* in the recent past ( 100 yrs ago) has been inferred from the 6.4-keV Fe-Kα line reverberation in molecular clouds in the GC (e.g., Morris et al. 2012; Ponti et al. 2013) . Significantly greater jet energetics in the past are also suggested by the 30-pc low-frequency radio ridge, which could arise from relatively low-energy electrons in the far downstream portion of our proposed jet.
According to Yusef-Zadeh et al. (1986) , the monochromatic luminosity of this feature is ∼1000 times higher than that predicted by our favored synchrotron model at the position of G359.944-0.052 (Fig. 5a ). Further sensitive radio observations are warranted in order to determine whether G359.944-0.052 can be more closely linked to the 30-pc ridge. Finally,
we expect an ultimate test of the suggested jet orientation by VLBI observations toward the event horizon of Sgr A* in the near future.
We wish to express our gratitude to Jun-Hui Zhao for providing us with the VLA images, and to John Lacy for his assistance with the TEXES data cube. We thank Sera accompanied by a chain of compact radio-emitting features roughly along the same line and roughly colinear with Sgr A*. Because this hypothesized jet has a very different orientation from the one that is discussed in this paper, and because both hypotheses are unlikely to be simultaneously valid, we have closely examined the YZ12 hypothesis. In the arguments detailed in this appendix, we offer some of the reasons why we disagree with the assertion by YZ12 that the radio features trace a coherent, linear outflow structure, and we therefore question the evidence for their proposed jet.
(i) YZ12 reported the finding of several radio maxima (blobs) within one parsec of Sgr A*, which are distributed along "a faint, continuous linear structure centered on Sgr A* with a PA ∼60
• " (see their Figures 1 and 4) , as might naturally be expected if they had been produced by a highly collimated jet. However, as is evident from their figures, and from Figs. 6 and 7 here, these radio blobs are only very loosely distributed along a straight line passing through Sgr A*. They rather appear as an incoherent set of local enhancements distributed about the line representing the putative jet. There are a number of separate complex structures in the central parsec with which the blobs can be identified.
In and P4 also differ in that P1 has a compact X-ray counterpart while P4 does not (Fig. 6 ).
Furthermore, sources P1 and P3 are near the center of the well-defined supernova remnant (SNR), Sgr A East, so the existence of nonthermal radio emission in that region has a natural explanation unrelated to a jet. Finally, sources P2 and P3 coincide with ridges of HCN emission from the circumnuclear disk (Christopher et al. 2005) , so interaction of that disk with the rapidly expanding SNR offers an alternative possibility for the production of those polarized features.
(iii) YZ12 suggest two extended X-ray-emitting features, which they denoted "NE Plume" and "SW Plume" (Fig. 7) , as sites of interaction between the jet and the gas in the arms of Sgr A West. The "NE Plume" has previously been reasonably interpreted as part of the semi-circular X-ray arc generated by the interaction of the interior ejecta of the Sgr A East SNR with the stellar winds of the central parsec cluster (Rockefeller et al. 2005) .
Moreover, the "NE Plume" is substantially offset from PA-60
• (YZ12's schematic picture -their Figure 5c -is quite misleading in this regard). The "SE Plume" likewise appears to connect to extended X-ray emission running to the NW. In our opinion, these extended structures argue in favor a broad-angle stellar-wind-driven outflow rather than a collimated jet. Indeed, a high mass-loss-rate star, AF-NW, is present at that location (see Figure 5 in Baganoff et al. 2003) .
(iv) While evidence also exists for a wind/outflow coming from the general vicinity of Sgr A* toward the mini-cavity, based on the cometary shape of two IR sources (Muzić et al. 2007 , the origin of this outflow remains uncertain. Indeed, it has been suggested and modeled that the outflow (and hence the mini-cavity and the radio blobs) is produced by stellar winds from the central cluster of massive, young stars (the IRS16 cluster), perhaps collimated by the gravitational potential of Sgr A* (Wardle & Yusef-Zadeh 1992; Melia, Coker & Yusef-Zadeh 1996) . In this regard, a jet or a collimated outflow from Sgr A* is not the only viable interpretation for those features.
The current paradigm is that black holes endowed with spin and accreting magnetized plasma will produce an outflow, although the degree of collimation and the power of the outflow may depend on several parameters. Indeed, the accretion rate onto the Galactic black hole is so much smaller than that which is apparently flowing through its Bondi radius that most of the matter must be leaving in an outflow of some kind (e.g., Genzel et al. 2010) . Finding the strength, orientation, and degree of collimation of this outflow is clearly an important endeavor. The YZ12 hypothesis must be considered as an interesting possibility, but we suggest that the evidence for it needs to be strengthened before it be accepted as a competitive hypothesis for a jet. The Chandra 2-8 keV view of the same region, highlighting G359.944-0.052. The apex of the radio shock front, the assumed primary site of particle acceleration, is marked by an "X".
J2000 celestial coordinates are shown. Plume lies on an extended ridge of X-ray emission running SE to NW, while the SW Plume connects to extended X-ray emission running to the NW. There is no significant X-ray emission associated with the putative "bow shock" noted by YZ12.
